A comparative field experiment has been conducted in order to study the effect of chemical, organic and integrated nitrogen suppliment on micro and macro nutrient residue after wheat harvesting, at Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran. The treatments consisted in three groups that are chemical, organically and integrated of them. Nitrogen was supplied in different proportion from chemical and organic sources. Also, zeolite was applied in two ways: mixed with soil and mixed with cattle manure during composting. Before sowing and after wheat harvesting, macro and micro nutrient availability in the soil were examined. The results showed that, among treatments supplying with 100% nitrogen required from composted cattle manure amended with 10% (w/w) zeolite had the best effect on nutrition residue after wheat production because zeolite decreased nitrogen leaching during the manure composting. Crop yield was not statistically different between fertilizer treatments but the highest seed yield was achieved from supplying 50% nitrogen required from cattle manure compost and 50% by urea amended with 10% (w/w) zeolite. This study demonstrated that composted cattle manure amended with zeolite improves soil fertility after wheat production compared with chemical fertilization.
Introduction
Low organic matter is one of the major constraints affecting the productivity of the soils. Organic matter is an important soil component in improving soil physical properties. This is essential to sustaining the productivity of soils particularly in semi-arid regions where there is a low input of organic matter. Organic matter affects crop growth and yield either directly by supplying nutrients or indirectly by modifying soil physical properties such as stability of aggregates and porosity that can improve the root environment and stimulate plant growth (Darwish et al., 1995) . Manure and compost are organic sources of nutrients that also increase soil organic matter content and improve the soil quality (Wright et al., 1998) . Application of manure or composted manure can result in increased soil concentrations of nutrients and organic matter (Eghball, 2002) . The residual effects of increased nutrients and organic matter in soil following manure or compost application on crop yield and soil properties can last for several years (Mugwira, 1979) . Organic fertilizers, such as cattle manure, have a long and sustained practical use since they are been known to improve physical, chemical and biological properties of the soils, particularly increasing the humus content and decreasing acidity (Ganzhara, 1998) . In recent years, fertilizer cost and concern for sustainable soil productivity and ecological stability in relation to chemical fertilizer use have emerged as an important issues (Aulakh and Pasricha, 1997) . Therefore, any integrated nutrient management practice that can improve organic matter status and nitrogen availability of soil is important to attain sustainable production. Soil amendments such as zeolites have important role in improving the soil fertility and in prevention of nutrition looses. Zeolites are a group of minerals, highly crystalline hydrated aluminosilicates that, when dehydrated, develop a porous structure with minimum pore diameters between 3 to 10 Å. The structural frame is made up of Si-O (SiO ) having an infinite three-dimensional crystal structure, a polyedric shape and a great open cavity (Daković et al., 2007) . Zeolites can be successfully used in cultivating different crops such as cereals, forage crops, vegetables, vine and fruit crops due to their exceptionally high ion-exchange capacity (Butorac et al., 2002) . Zeolites prevent unnecessary losses of nutrients, making them available exactly when needed (Podlešáková et al., 1967) . Zeolites as carriers of N and K fertilizers, increase their efficacy by decreasing application rates, for equal yields to be achieved (Polat et al., 2004) .
Recently, integrated nutrient management involving organic manure and chemical fertilizer has received considerable attention. Thus, an experiment was conducted to study the comparison among different integrated nutrition management solutions for wheat yield and note the before composting. The results showed that, fresh cattle manure had 2.75% nitrogen. Other results are shown in Tab. 2 and Tab. 3, respectively.
In order to composting, two rows of weighted cattle manure were stored in heaps of 5 m long, 0.8 m wide and 0.7 m high and then zeolite was added into one of them in proportion of 10% (w/w) of the complete weight of cattle manure. To prevent of direct sun light, the heaps were covered by straw and stubble. The temperature and moisture of heaps were monitored daily. Manure rows were aerobically composted for 85 days. At the end of the composting process one composite sample of each row was collected and analyzed. It was observed that 38% nitrogen was lost in without zeolite row, while the nitrogen loss was 22% in zeolite applied row, during the composting process. Therefore, nitrogen percentage was 2.1% and 1.7% in rows containing zeolite and without zeolite, respectively. It is reported that,35% of the nitrogen is available during the first year (Eghball and Power, 1999) thus 0.7% and 0.6% nitrogen was available in with and without zeolite rows, respectively. In addition, chemical analysis of the composts showed that one kg compost of each row has 7.5 (with zeolite) and 6 g (without zeolite) nitrogen. According to wheat nitrogen requirement and soil nitrogen content it was calculated that 120 Kg.ha -1 nitrogen was needed for wheat production. Nitrogen was supplied through urea, two type of composted cattle manure (with and without zeolite) and integrated of them in different proportions. Thus, 11.2 kg and 14 kg of each type of compost (with and without zeolite, respectively) should be used in 7 m 2 plots to complete supply of wheat requirement (16 and 20 t/ha -1 , respectively). Based on this, other proportions are calculable.
At sowing time, 15 different treatments were randomized on each plot for each replication. There are five treatments included 9 ton.ha -1 zeolite which are introduced by T 2 , T 7, T 8 , T 11 and T 14 . In these treatments prior to seed sowing 9 ton.ha -1 zeolite was broadcasted and mixed into the soil and then composted cattle manure, urea or integrated of them were applied. Note that, in treatments included the urea half of urea was used at sowing time and the rest was applied at jointing stage. According to results of the soil analysis, to P or K application was not needed.
Wheat seeds (Triticum aestivum L. c.v 'Pishtaz') were sowed in middle of November. A seed rate of 150 kg ha -1 was used to maintain a plant population of 4 million changes of the chemical properties of the soil after wheat harvesting. Also, zeolite was applied as soil and manure amendments two way combinations with cattle manure, during composting and soil application.
Materials and methods
A field experiment was conducted in the research farm of Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran (35º41'N latitude, 51º19'E longitude and 1215 m altitude) during the 2007 wheat growing seasons. The yearly average precipitation (30-years long term period) which is mostly occurred during the autumn and winter months was 298 mm. The experimental filed was tilled with moldboard-plow and disk in autumn. The previous crop was sweet corn (Zea mays L.). The experimental plot's surface were 3.5 × 2 m, with ten sowing rows. Between all plots, 1 m alley was kept to prevent all influence of lateral water movement. The experimental design was a randomized complete block with three replications. After seed bed preparation, a composite soil sample at depth of 30 cm was taken before treatments application from each plot. Soil samples were air-dried, ground to pass a 1-mm sieve, and analyzed for NPK, micronutrient (Cu, Zn, Fe, Mn) and organic carbon statues. Physical and chemical properties of the soil are shown in Tab. 1.
Three month before filed preparation, cattle manure and zeolite were transported to the study site. . Irrigation was applied as required during the crop growing season.
The wheat was harvested in Jun 2008, and a final grain yield was recorded. After harvesting the composite soil samples at depth of 30 cm were taken from each plot again. Soil samples were air-dried, ground to pass a 1-mm sieve, and analyzed for NPK, micronutrient (Cu, Zn, Fe, Mn) and organic carbon statues.
In two stages of soil analysing, total N, P and K were determined through titration method by Kjeltec Auto 1030 Analyzer, Tecator, calorimetric method by Spectrophotometer, 6505 JenWay and flame photometry by flame-photometer JenWay PFP7, respectively. Also, Cu, Zn, Fe and Mn percentage were determined by atomic absorption method.
All data were analyzed using the analysis of variance (ANOVA) and GLM procedure in SAS. Duncan's multiple range tests was used to measure statistical differences between treatment methods and controls.
Results and discussion
The analysis of variance demonstrated that, soil micro and macro elements, organic carbon and wheat yield were significantly influenced by different nutrition management (Tab. 4).
Significant increases in Kjeldahl nitrogen content was observed in the full organically plots amended with zeolite. However, zeolite application as mixed form with manure had a more positive effect on soil nitrogen content than direct consumption (Tab. 5). For the T 4 treatment, the average nitrogen percentage was 0.347, while the T 7 treatment had 0.196% (Tab. 5). Other researchers also found higher nitrogen content in soil amended with organic residues (Scheller and Raupp, 2005; Warman, 2005) . Therefore, the higher nitrogen contents in organic plots could be due in part to the nutrient supply with the composts and especially by the decrease of nitrogen leaching by zeolite during composting and growth season. The lowest soil nitrogen content (0.033%) was observed in control treatment i.e. with no treatment (Tab. 5). Also, in full chemical treatments (T 1 and T 2 ) soil nitrogen percentage was at the lowest level after wheat harvesting (Tab. 5). Because urea was easily leached while in integrated plots accompany with zeolite, residual nitrogen was higher than for the chemical treatments (Tab. 5). A higher level of microbial activity in organic soil compared with mineral soils is one of the most important reasons to soil nitrogen conservation. Studies that compare organic and mineral fertilization in soils show higher soil organic matter and total nitrogen for organic-amended soils (Bulluck et al., 2002; Warman, 2005) . According to these results, supplying 100% nitrogen required from composted cattle manure amended with 10% (w/w) zeolite is the best treatment to nitrogen conservation.
Soil analysis after crop harvesting showed that, phosphorous availability in full organically fertilized plots amended with zeolite (T 4 ) was significantly higher compared with other organic, chemical or integrated ones (Tab. 5). Also, the addition of 10% w/w zeolite as mixed with cattle manure during composting process was better than direct application of zeolite into the soil. The lowest phosphorous content was observed in chemical (T 1 and T 2 ) plots and control treatment (T 15 ) (Tab. 5). There are two mechanisms to explain the increase of phosphorous availability in our experiments: (i) the use of composted cattle manure with a higher phosphorous content compared with the chemical fertilization (Tab. 2), and (ii) the decomposition of cattle manure could have resulted in concentrations of organic acids that effectively reduced phosphorous sorption into the soil and increase phosphorous availability (Laboski and Lamb, 2003) . Ruiz (2002) reported that, the organic matter added can increase the availability of phosphorous in soil. In addition, microbial activity increases when organic matter is added to the soil, increasing CO 2 release, which forms H 2 CO 3 in the soil solution, resulting in the dissolution of primary phosphorous containing minerals and therefore increasing available phosphorous content (Tisdale et al., 1985) . There is considerable evidence in the literature to suggest that the application of organic material to soil may increase phosphorous solubility (Sanyal and De Datta, 1991) . Zeolites, when saturated with mono-valent nutrient cations, such as NH 4 + and K + , have been reported to increase the solubility of phosphates (Allen et al., 1993) . When zeolite was added into the cattle manure soil phosphorous availability was incrusted after crop harv esting. This result confirms that of (Allen et al., 1993) *, ** significant at the 0.05 and 0.01 probability levels, respectively and ns no significant.
pared with chemical or integrated plots. The lowest potassium content was achieved from control treatment without any fertilizing. The results obtained indicate that the increase of the available potassium comes only from the potassium released from cattle manure, and adding zeolite had not a significant effect on potassium content in full organic plots (Tab. 5). In integrated plots an increase of potassium content was observed due to the zeolite application when T9 and T10 treatments were compared. Some authors have also shown an increase in available potassium after organic amendment (Bulluck et al., 2002; Edmeades, 2003) . In a three year study, Andrews et al. (2002) found higher potassium values in organic systems. They attributed the result of the high potassium content of the compost and the increase of exchange sites due to organic matter added, which do not fix potassium strongly. Also, Clark et al. (1998) also observed an increase in available potassium in organic and low-input systems. Left over of micronutrient contents (Fe, Cu, Mn and Zn) were different in each group of nutrition managements (Tab. 5). Micronutrient content was the highest with full organically application and 10% zeolite. The lowest Fe, Cu and Zn content was observed in control treatment, while the lowest Mn content was in full chemical (T 1 and T 2 ) and control treatments (T 15 ). In integrated plots T 10 treatment had more Cu, Mn and Zn content than T 9 treatment but this comparison was not significant for Fe (Tab. 5). In sum, among integrated plots T 10 was best treatment with respect to micronutrient leave. Organic compounds gives a higher input, especially of Zn and Cu, than do chemical fertilizers, as both these elements contained in feedstuffs are excreted by animals to a large extent. Composted cattle manure, has shown positive effects on microbial activity and supports humus formation in soil (Mäder et al., 2002) . These components can form complexes with micronutrients that are not plant available; Cu and Zn are known to form stable complexes with organic matter in soil. On the other hand, a high microbial activity can enhance the plant-serving pools. Nyiraneza et al. (2009) have been reported that, long-term application of manure significantly increased soil K, Mg, and Zn contents. Manure also increased P, Ca, Fe, and Mn contents by 65, 32, 1.7, and 17%, respectively while nitrogen application significantly decreased soil P, K, Mg, Fe, and Mn contents (Nyiraneza et al., 2009) . Moreover, it was found that zeolite had a positive effect on micronutrient residues (Tab. 5). Comparison between T 3 and T 4 treatment and T 3 and T 7 treatment confirms this result.
Soil organic carbon content was found to be considerably greater in full organic plots (T 3 , T 4 and T 7 ) compared to those receiving chemical fertilizer or integrated treatments (Tab. 5). The lowest organic carbon content was observed in full chemical (T 1 and T 2 ) and control treatment. In integrated plots T 10 treatment had the highest organic carbon compared with other integrated plots (Tab. 5). The difference of organic fertilization between organic and T 1 : Supplying 100% nitrogen required from urea; T 2 : Supplying 100% nitrogen required from urea + 9 ton.ha -1 zeolite mixed into the soil; T 3 : Supplying 100% nitrogen required from cattle manure compost; T 4 : Supplying 100% nitrogen required from cattle manure compost amended with 10% (w/w) zeolite; T 5 : Supplying 70% nitrogen required from cattle manure compost; T 6 : Supplying 70% nitrogen required from cattle manure compost amended with 10% (w/w) zeolite; T 7 : Supplying 100% nitrogen required from cattle manure compost + 9 ton.ha-1 zeolite mixed into the soil; T 8 : Supplying 70% nitrogen required from cattle manure compost + 9 ton.ha -1 zeolite mixed into the soil; T 9 : Supplying 50% nitrogen required from cattle manure compost and 50% from urea; T 10 : Supplying 50% nitrogen required from cattle manure compost and 50% from urea amended with 10% (w/w) zeolite; T 11 : Supplying 50% nitrogen required from cattle manure compost and 50% from urea + 9 ton.ha -1 zeolite mixed into the soil; T 12 : Supplying 70% nitrogen required from urea and 30% from cattle manure compost; T 13 : Supplying 70% nitrogen required from urea and 30% from cattle manure compost amended with 10% (w/w) zeolite; T 14 : Supplying 70% nitrogen required from urea and 30% from cattle manure compost + 9 ton.ha -1 zeolite mixed into the soil; T 15 : control (without any treatments) chemical or integrated plots was evident, due to the addition of composted cattle manure. The addition of composted cattle manure increases the organic carbon content in the soil. Andrews et al. (2002) reported that the application of composts increased organic carbon compared with conventional fertilizing. Scow et al. (1994) reported that organic matter increased after alternate the application of compost.
There were not considerable differences among treatments with respect to seed yield nonetheless the highest seed yield was achieved from T 10 , T 13 and T 14 treatments. Seed yield for all the treatments were greater than the control one (Tab. 5). Yields of crops grown either with organic or mineral fertilization can be equivalent (Warman, 2005) . Drinkwater et al. (1995) suggested that other components such as cultivar and management skill were more significant in determining yields than the specific type of input or cultural practice employed.
